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Abstract 
Educational process of individuals with visual impairment differs significantly from education of the 
intact students due to differences in perception. In the course of teaching, a number of internal as well as 
external factors influencing the quality of the educational process have to be taken into account and that is 
why the education can be improved in many ways and in many fields. In this paper, we attempt at 
approaching the possibility of making educational process more effective by using a new type of 3D maps
for students with visual impairment.
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1. Main text  
Defining the issue of development of people with visual impairment: 
Schools years are regarded as a period of preparation for the future. Special attention is paid to acquisition 
of skills, development of abilities and adoption of knowledge. Development of an individual with visual 
impairment is, during this period, heavily influenced by teachers and parents with emphasis on skills and 
performance. Satisfactory results confirm the quality of the individual and thus confirm positive qualities 
of parents, acceptable development of the individual and reduction of negative impact of the impairment. 
In relation to general development, self-evaluation and self-confidence are also deemed as strengthening 
(Finková, Ludíková Růžičková, 2007). 
 
People with visual impairment whose intellect is not affected are able to devise a certain strategy in 
approaching reality which can help them cope with the handicap. They are, however, not capable of 
handling particular difficult situations that they are not familiar with.  
 
In the course of personal development of a student with visual impairment, fundamental psychical needs 
play a momentous role, especially in their developmental transportation. This includes a need of 
stimulation and learning, physical activity, safety, positive identity and self-realization and the need for an 
open future (Finková, Ludíková, Růžičková, 2007).  
 
Personality is created in the entire period of a man´s development and is affected by external as well as 
internal factors. Subsequently, personality is also conditioned by biological factors – genetic makeup of 
the individual, and, to a certain extent, physical appearance of the individual. Another aspect of the 
highest importance in personality formation is the so-called social factor – how a man develops in contact 
with other people (at first, family, gradually also other people). What also counts is what an individual 
hands over to another person, intentionally or unintentionally. 
 
Health disorder has undoubtedly a strong impact on formation of one’s personality. It depends on a 
number of circumstances, e.g. whether the person is handicapped since birth or early infancy or whether 
the disorder occurred during life. (Votava, 2005) 
 
Visual impairment is a type of sensory defect, which means that the volume of impulses from the 
environment towards the person is reduced due to the sensory defect and that can also affect the activities 
of the person with visual impairment and his/her living through experience. (Vágnerová, 1995). 
 
The very task of a person’s sight, to reflect the surrounding world, is enormously significant. A person is 
formed as an “optical being”. Visual sensations and perceptions provide a wide range of finely 
differentiated data from various spheres. The eye is able to distinguish approximately eight categories of 
signs: colour, shape, size, movement, standstill, distance, direction, area, which thus allows for an 
adequate reflection of real three-dimensional relations. Sight offers us the most genuine perception of an 
object. It is then quite obvious that damage to one´s eyesight, whether complete or partial, can cause 
serious and often irreplaceable losses in the field of sensory perception. Consequences of visual 
impairment on development and psychical manifestation of people with various intensities of visual 
disorders have qualitative as well as quantitative character.  
 
Quantitative changes occur, above all, in the field of sensory cognition; visual sensations and perceptions 
drop out to a certain extent or completely, which results in a limited amount of images, limited formation 
of mental images, etc.  
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Qualitative oddities of people with visual impairment are demonstrated in almost every area of psychical 
activities: changes in the system of interaction of analyzers, types of perceptions, development of specific 
oddities in the process of forming pictures and notions, disruption of reciprocal sensory and conceptual 
relation in thinking activities, changes in emotional sphere and in features of one’s personality (Litvak, 
1979). 
 
Visual impairment influences an individual in all directions, let alone education. The issue of educating 
students with visual impairment is outlined by Ludíková (1989, p. 20) who defines a notion typhlo-
pedagogy, which characterizes the field as follows: “Typhlo-pedagogy, or theory of teaching students 
with visual impairment, is one of the disciplines of typhlopedia and examines general laws of teaching 
process or students with visual impairment, deals with the substance of teaching these students, related 
objectives, contents, specialities of the teaching process, teaching principles, methods, organizational 
forms and means, which can be applied in teaching students with heavy visual impairment”.  In this type 
of teaching process, it is also necessary to include knowledge and findings from other branches, e.g. 
medical science (ophthalmology, neurology, psychology), teaching science (pedagogy), technical 
sciences (optics, IT, including software provisions, acoustics, etc.), which contribute, in an effective way, 
to incorporating an individual into the educational process (Finková, Růžičková, Stejskalová, 2011).  
 
Within the Czech Republic, educating students with visual impairment is anchored through legislation in 
educational documents not only from the point of view of organization but also from the point of view of 
implementing “supportive measures”, which play a significant role in the process of education and 
development and directly affect the quality of education of students with visual impairment. Special aids 
for teaching visually impaired students aiming, among others, at increasing and enhancing effectiveness 
of education can be also considered among these supportive measures. 
 
This paper endeavours to indicate to the option of applying special tools - 3D maps, which have been 
created and tested through co-operation with students with visual impairment. Applicability of these maps 
is evident, above all, in lessons of geography and spatial orientation but also in other subjects, due to the 
possibilities of implementing intra-disciplinary relations. As an example, engaging these maps is 
welcomed in lessons of civics.  
 
Geography is a rather difficult subject for students with visual impairment, especially then for students 
with a total loss of eyesight. It follows knowledge from the first years of the primary school and develops 
findings from various scientific fields, e.g. agricultural, industrial, origin of the Earth, planetary system, 
geographical hypsography, individual spheres, population, political arrangement, etc. Students can also 
work with a text book or teachers who quite frequently prepare individual materials for particular 
students, such as work sheets or embossed visualizations. There can be at disposal an embossed globe, 
various types of embossed maps (usually in thermo vacuum print), including legend in the Braille font, 
issued individually or as a book of maps. Information is, more often than not, conveyed orally and 
students can make notes in a standard way. In order to achieve individual work with the map, it is, at first, 
necessary to introduce the map to the students one-by-one so that, gradually, all students are able to use 
the map on their own.  
 
Foundations for creation of the maps: 
3D maps resulted from a needs analysis of people with visual impairment, which claimed that there is a 
shortage of suitable didactic materials for teaching geography, in the first place, and further teaching of 
spatial orientation and independent movement of people with visual impairment. At present, teachers of 
visually impaired students in the Czech Republic have actually only two options of “showing” perception 
of geo-area. Compressed foils and plastic embossed maps (thermo vacuum foils, thermo active foaming 
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substances) are applied; or teachers even produce such maps themselves by, usually, layering individual 
surfaces on top of each other. Another example of innovative approach can be, e.g. adjusting plastic 
embossed maps by means of marking linear elements or labelling maps with tags in Braille font 
inscriptions. These tools are, understandably, highly demanding on production and difficult availability 
further complicates teaching in the given area. 
 
In our research and the following creation, we focussed on maps, which are especially unusual for the 
material applied. Our maps are made of a material on the basis of plaster and their production allows for 
forming an even higher embossment compared with standard maps. On top of that, these maps are 
designed in bright colours so that they can be used by all students with various severity of their visual 
impairment. At the same time and as a matter of fact, creation of these modern 3D maps respected all 
general principles of producing tactile maps.  
 
The process was divided into three basic phases: 
1) Creating a pattern book of surfaces, 
2) Creating three basic types of maps, 
3) Creating a multi-media map. 
 
 
Pct. 1 (authors´ archive) 
Pattern book of a key of signs for tactile map for 3D print.  
Marks A1 up to F16 are only rough extimates for better orientation in noted-down results and for demostration. 
Unmarked parts of the pattern book and test results were described word-by-word. 
 
The pattern book was tested by both students with lost vision and purblind students. Testing was 
conducted in primary and secondary schools for students with visual impairment. People with lost vision 
tested the surface of the samples, whereas purblind students found most important the colour contrast. 
Some samples and colours were evaluated as perfect, others were ruled out. Surfaces and colour shades 
evaluated as prime-quality were later applied in creating concrete maps. Our surface pattern book was 
tested by altogether 40 students of primary and secondary schools.  
 
Test results – pattern book of surfaces and colours: 
The following facts arose from testing the key of signs:   
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x Necessity to intensify the colours selected; ideal colour combination was chosen as orange and green, 
the most striking was labelled pink, 
x Necessity to not use these lines together within one map: dot-and-dash line, broken dotted line and 
dashed line; they were often misinterpreted, 
x Necessity to not use, at the same time, structures under the label D1, C2 and D3; C4 and C5 and also 
C4 and D3, 
x Arrows can be only used in a format F5, in a format F7 only as a line (not clear where the arrows 
points), 
x Signs F11 and F13 are unrecognizable, differences between F12 and F14 are easier to perceive, 
x Suitable are simple and double linear signs and simple dot-and-dash lines (without labelling at the 
picture); on the contrary, dotted lines, lines with hatching and patterned lines are not suitable, 
x As for dotted signs, simple geometrical shapes are suitable (circle, square, triangle), especially F1 up 
to F4, and also F12 up to F14. 
 
 In relation to the above-stated test results assessing the sample book of sign legends, satisfactory surfaces 
and colour combinations were further applied in devising all archetypes of tactile maps of a modern 
design created by means of 3D-print technologies, Finková in (Voženílek  a kol, 2010).  
 
 
Pct. 2 (authors´ archive) tactile maps    Pct. 3 (authors´ archive) Thematic tactile map.  
– European countries and hypsography of Europe.  - Unemployment in the Czech Republic. 
 
 
Pct. 4 Map of the area in front of the    Pct.5 (authors’ archive) Multi-media map – PC 
Olomouc  train station   (authors’ archive).    model 
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Research outcomes: 
Our maps were evaluated from the point of view of various parameters, our main focus, was, however, on 
convenient arrangement of legends and distinctness of hypsography differences. Further on, we examined 
individual significant parameters in particular maps. Further below we present selected results of testing 
the map “Hypsography in Europe”, which we regard as highly important because they allowed us to 
specify even more parameters in other maps, e.g. map of unemployment in the Czech Republic (Pct. No. 
3) or multi-media map (Pct. No. 5). 
 
Test results of a tactile map – Hypsography in Europe:  
At first, we focused our testing on the map of hypsography in Europe, whereas the map of European 
countries was an auxiliary map, within the pilot testing, due to its simpler spatial orientation. Spatial 
orientation on the map of European countries was only tested in the following phase of the research. 
 
 
Pct. 6 Convenient arrangement of the legend of the map of hypsography in Europe. 
 
The legend was by 78 % respondents evaluated as well arranged, 14 % students regarded it as poorly 
arranged and 8 % students voiced only certain objections.  
 
 
 
Pct. 7 Ability to recognize altitude degrees according to the legend. 
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Altogether 75 % respondents were able to distinguish latitude degrees according to the legend (left upper 
corner of the map). Further, 8 % respondents found it difficult and 17 % students were not able to 
distinguish them at all. Complications occurred when knowledge obtained from the map were to be 
transformed into real work with a map. In one case even, a student stated that differences in individual 
altitude degrees were not sufficient.  
 
 
Pct. 8 Finding the highest point on the map. 
 
Majority of respondents, i.e. 81 %, managed to find the highest point on the map without difficulties; 
sometimes a longer period of time was required. The remaining 19 % respondents were not able to find 
the highest point on the map at all.  
 
 
Pct. 9  Recognition of sea areas. 
 
Out of the total number of respondents, 81% were able to recognize the sea, 8 % partially (only some seas) 
and the remaining 11 % were not able to identify the sea at all. The problem lies, most probably, in the 
fact that the sea was not marked in any special contrasting way compared with other altitude degrees. The 
sea was, later on and subsequent the test results, completed with hatching for clearer distinguishing.  
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Pct. 10 Finding individual countries. 
 
Only 50 % of the respondents were able to find European countries in the map of hypsography in Europe 
without using the accompanying map (the map of European counties). Some students (altogether 12 %) 
found their approximate position, 38 % respondents, however, were not capable of finding the countries 
at all. The problems occurred especially due to the fact that some respondents did not know where to look 
for the countries; they did not even know their approximate position in Europe. That is why our team 
produced an additional map with borders of individual European countries and both maps were presented 
to the students at the same time, to allow better orientation. 
 
 
Pct. 11 Overall satisfaction with the map. 
 
In the final and global evaluation of the map, 48 % of the respondents stated that the map suits their needs, 
46 % expressed certain objections and 6 % did not find it suitable at all. Following the map testing, it was 
mentioned that respondents had not been used to working with such type of maps before. Usually, 
educational institutions work with maps produced of thermo foils. Working with a map produced by 
means of a new technology is significantly different. If this map was used regularly, success of work 
would be higher and subsequently, satisfaction of respondents would also increase.  
 
Conclusion: 
The issue of educational quality of students with visual impairment is unquestionably multi-dimensional. 
Many aspects have to be taken into account. Within our research, we aimed at applying new types of 3D 
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maps as a suitable teaching tool for students with visual impairment. Creating, testing and consequent 
adjustments of these revolutionary maps brought about a number of intriguing results, which can be easily 
applied in real teaching. Schools and students that took part in our testing showed their sincere interest in 
acquiring and using these maps. For the future, we consider the option of expanding these types of maps 
into individual schools all over the Czech Republic.  
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